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Abstract

This paper discusses a proposed design for an electronic system used to time the finish of a
cycling race by implementing radio frequency identification and precision location. After the
problem has been introduced, our specific design solution will be discussed.

1. Introduction

We propose to improve upon the current technology for the timing, and more specifically, the
ordering of the riders in a cycling competition. Via electronic means, we plan to develop a
system that allows real time determination of finish time and finish place. Our major goals are to
not only design a low-cost solution, but to achieve an overall greater timing precision than the
current technology allows for. Our proposed design solution is to place a custom radio

frequency transmitter on each bike that would uniquely identify that bike. We would then

deploy two antennas near the finish line and connect them to a single custom receiver. The
receiver will be used to identify each bike as well as capture the exact time each rider crossed the
finish line. A laptop computer will be connected to the receiver to download and process the raw
data and provide both intermediate and final results, in real time via a graphical user interface.

2. Background

The order of finish of a bike race is determined b=
the front edge of the front wheel. The current =
standard is to use a video recording system to ce
images of the riders as they cross the finishing lir |
and subsequently determine the order of finish fr
that data. At the highest level of cycling, a digita |
camera with optical sensors, a narrow capture |
window, and extremely high refresh rate are usec |
relay a composite image (Figure 2.1) of the finish |
line to a connected PC where the image is storec |
review. Using specialized software, the order of Figure2.1

finished is manually determined (i.e. a human must identify each cyclist by their corresponding

bib number on their jersey). In wealthier races, a $25,000 system (which employs magnetic

signal transfer) is used to augment the video imaging system. However, this system can not fully
replace the video system due to its lack of precision. This process can take a team of
professionals more than 5 minutes to order a full field of about 200 riders, even with the

magnetic signal transfer system. At lower levels of cycling, where the overwhelming majority of
races take place, an ordinary VHS camera is used. This makes the process not only less accurate,
but ordering a field of 50-60 riders (a common field size for the collegiate level races) can take

the timing team hours.




3. Design Criteria

The biggest criteria is that the system be able to furnish results in real time (with some negligible
delay). A system that did not implement this feature would provide no advantage over the video
capture systems. The cost of the system is also important, not only because of our project's
budget, but also because the races that would benefit the most from such a system have relatively
small budgets. The last, and most obvious, major design criteria is the accuracy of the system.

Design Issues, Considerations, and Assumed Values

There are many constraints on the problem that must be met by any design in consideration. The
biggest constraint being the inability to guarantee line of sight in any direction from the front
wheel of each bike. Depending on the terrain of the finish, the racers could finish at speeds
ranging from 5 mph for an uphill finish, to 55 mph for a flat or downhill finish. It is not only
possible, but expected that most, if not all, of the riders will finish in close proximity to each
other due to tactical drafting. The width of the road is also variable. The radius of the front
wheel, however, is fixed under international cycling regulations and we will assume that tire
pressure and thickness are negligible in comparison with the error the remainder of our system
will experience. The following is a list of estimated worst case values, unless otherwise
specified, they are used in all calculations:

width of the road = 15 m

finishing speed = 60 mph26.82m/s

necessary processing tim&00us

derived accuracy (meters) from processing time at finishing speed = 0.02 m

assume no more than 256 unique transmitters are needed

5. Implementation Details

We will make use of the fact that all front wheels will have the |
same radius by placing a radio frequency transmitter on the ft

of each bike, close to where the to the front wheel's hub is
attached (Figure 5.0.1). Each transmitter will use a differeni
carrier frequency which will be used to identify and locate each transmitter | \

bike as it nears the finish line. We will now define an imaginary line  finish line
imaginary line, parallel Figure5.0.1

to the finish line and one wheel radius before it (Figure
5.0.2). In order to determine when the front edge of the
front wheel crosses the finish line, we must simply
determine when the transmitter crosses the imaginary line.

/ \ To determine, if a transmitter is at the imaginary line, we
imaginary line , hee  finish line plan to use two omni-directional antennas, positioned
Figure5.0.2 radius vertically on the side of the road (Figure 5.0.3).



By looking at various phase
differences in the signals received
each antenna, we will be able to
determine exactly when each
transmitter is within some small
constant distance from the center lii
The specific details on how this

detection will be accomplished follo t
in the next section. e

Figure5.0.3
5.1 Analog Receiver
. - —Ds—
We intend to use the antenna setup shown in Figure
5.0.3, with antennas Al and A2 arranged as shown. _
will detect the phase difference between the signals

L

received at A1 and A2. This phase differerfc ¢an be T S o
used to determine the position of the bike transpond: /;:_’,--f"
(shown as a blue dot) relative to the antennas. A

+———center line

Xg i

:
: D | {

Figure 5.1.1 shows the pair of antennas (Al and A2) , -
from said figure we get the following equations for th
difference in distance, E. Figure5.1.1 "
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The phase differendg, which would result from a distance error E, is:

o)

wherel is the wavelength of the transmitted signal

C
T 3

where C is the speed of light and f is the frequency of the signal
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We wantf 4to be no greater thagn2 (explained later) so it follows from equation (2) that we
want E£ | /4. In order to ensure that this is true, it is first important to note that when y = 0,
equation (1) shows that E 5D This is the most that the value of E can ever be. Also, when the
transponder is on the centerline of the two antennas the value of E = 0, which is its minimum
value. Therefore if you move the transponder in an arc from the line A1-A2 to the centerline, the
corresponding value of E will decrease. By using equation (2) and setting, BrdDD\ £ | /4,
we ensure thdty £ p/2. If we substituté /4 in for Dy in equation (1), we get:

2
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Now, in order to show that we walnt£ p/2, the method for obtaining; must be explained.

Each bike transmitter will be sending out a pure cosine wave at one of 256 different frequencies
spanning the standard 902 — 928 MHz ISM frequency band. The waves received at A1 and A2
will consist of (at worst) all 256 different bike signals (each at a different frequency) along with
channel noise. First we pass the received signals through a set of parallel band pass filters that
pass the frequencies from 902 — 928 MHz. In order to check the phase of a particular bike, we
pass the signals into two parallel arrays of 256 fixed band pass filters. The arrays will output the
bike signals at their frequencyhese two signals will only differ by phase

2

These two signals will be

passed into a phase detector  1-80 0
(part number: AD8302) and ¢ 1.2 // \\ 8
voltage relative to the phase - / \ .
difference between the signa \ *7;5 \

will be output. The transfer ~_ '*° \ y, N l 4 .
function and associated erroi || 1.08 A 2 5
can be seen in Figure 5.1.2. 3 40 . -/ o d'l’
The phase detector works by & 0.72 \ f"’ , 5
passing the input signals z / \ I \ &
through a seven stage casca 934 /’ ‘\ -4 of
logarithmic amplifiers. The 0.36 % v N -6
signals, now essentially a s L2 A\ | s
square wave, are exclusively / L
ORed together to inspectthe g0 350 120 90 0 30 © 30 50 90 120 150 180
relative time of zero crossing PHASE DIFFERENCE - Degrees

Figure5.1.2

By setting the comparison voltage,, \éf the comparator we can “decide” which values of V

will be considered in phase. The voltage comparator will output a logical high if the phase
difference is between 4 and 4 and a logical low if the phase difference is outside that range.
Using equation (2), we can determine the constant E for the.s&ow using this constant E

and equation (4) we can derive a boundary area where the bike is considered to be in phase by a

6



pair of antennas. In other words, by setting E to be constant and providing values of y ranging
from O to y.ax We can get the corresponding values pfcomponent of the distance from the
center of the antenna pair to

the transmitter). To illustra

this we created files bike.m ‘ ‘ center line

and runbike.m (see Appenc #
A) in MATLAB to produce or /

Figure 5.1.3 that shows the "
line E = 0.038 meters - /
(assuming that A V2 3
a line A1 A2 @ @
AN

volts and = 0.3 meters tha
/ LY

[&]

gives ud 4 = 0.8 rad/sec).
The antennas Al and A2, t
center line, and the line A1
-A2 have been added for
reference. The area bound

by the plotted lines represe \
the locations at which the s 0 s N 5 10 16

bike would be considered it

phase. Note that these lines are linear and that they are symmetrical about both the x-axis and y-
axis (where the origin is located at the intersection of the centerline and the line A1-A2).

'
oyl
T

Y distance from antennas (meters)

Now if we change the angtg(gr = 0 when A1-A2 parallel to the road) of the line A1-A2 so itis
no longer parallel to the road we get the following as shown in Figure 5.1.4. This means that as
long as the output of the
comparator is sampled often
enough, we can guarantee that
the bike will have only moved

a certain distance: this distance

/ is our error. The logical high

or low signal for each bike that
corresponds to whether that
bike is in the finishing field or
not will be sent to the Digital
Control Block (DCB) for
Figure5.1.4 further processing.

The specific accuracy for our system is dependent on the amount of time it takes for the entire
system to process the data for all 256 bikes. We would like our accuracy to be better than 2 cm
at the maximum finishing speed. The follow values are used to determine the amount of time we
can use to iterate through all of the bikes and still maintain our desired accuracy:

V = speed at which bike is moving while in range of A1 and A2 (m/s)=26.82 m/s
A¢= accuracy in time of the detector (s)



AgG = accuracy in distance of the detector (m) = 0.02m

Tpt= time that a band pass filter takes to produce correct output (ie delay caused by a bpf)
Toroc= time to process data

| =wavelength = (3*1%n/s)*(1/900MHz) = 0.333m

D, = distance between Al and A3 & = 0.0833m = 8.33cm

R = transmission radius of bike transmitters = 15m

prf + Tproc £ ACI
Tproc £ ACt - prf

Since we have already stated that we want thee2cm = 0.02m and that V=26.82 m/s then :

Ac,= Acy/ V = 0.02 / 26.82 = 0.000746s = 746uS
Toroc £ 746US — Ty

This makes it clear that the time we have to process the data is less than 746us.

5.2 Digital Control Block

The digital control block can be seen in Figure 5.2.1

AR | FA [ | PIC '\2/':‘;”;%

PC

Address

Alonerton

1
1 |
| |
1 |
| 1
| |
| 1
| |
| 1
1 |
| 1
1 |
| |
1 |
| 1
| |
| 1
| Full |
| 1
1 |
| 1
1 |
| |
1 |
| 1
| |
| 1
| |
| 1
1 |
| 1
1 |
| |
1

Figure5.2.1



Before we can discuss the flow of control, it is important to have a better understanding of each
of the main components. The first main component is the Address Incrementer (Al). This
particular component is a counter that drives a majority of the other components. The Al iterates
from 0 to 255, where each of these numbers corresponds to a unique bike ID. The Al also
outputs an overflow bit every time it resets to zero. The next main component is the Flag Array
(FA). Its main purpose is to ensure that each bike is only counted once as they will be in the
finishing field for many iterations. Another major component is the multiplexer. The MUX
selects bike data indicated by the Al. The last major component is the PIC microcontroller, but
in order to better understand the PIC, it is necessary to describe the flow of data up to the PIC.

The flow of data begins when the ‘C’ bit for each bike comes into the DCB from the Analog
Receiver. The ‘C’ bit is essentially passed through the Flag Array and will be eventually
selected by the MUX. The selected ‘C’ bit, if it is a logical high, will cause an interrupt in the
PIC. The Address Overflow line (controlled by the Al) also causes an interrupt in the PIC every
time all of the bikes have been iterated through. The PIC takes all this data and performs a
number of operations which are described below.

The main role of the PIC is to capture the lap time data in real time. It maintains an Address
Counter which simply stores the number of Al overflows. This is accomplished through an
interrupt service routine triggered by the Al overflow bit. The lap time data consists of the Bike
Identification (Al) appended to the end of the Address Counter. The lap time data is used to not
only determine the lap time, but also the particular Bike ID. The PIC buffers this lap time data in
an interrupt service routine triggered by the C input. When the PIC is not servicing an interrupt,
it continually sends out buffered information to the PC over the serial interface. The control

flow of the PIC can be seen in Figure 5.2.2 and the associated code can be found in Appendix A.

Interrupt Process
Mormal Process START
START ¥
Mo Yes
Interrupted | - Overflow 7 —-
v

Write 5 bytes of
S data into buffer. ¥
Transmit 1 byle l Update _Overflow
from buffer to PC Ui varite Registers
pointer.

Increrment read &
pointer, \

Return from internupt Set wiite pointer o

first address

Set read pointer to
first address,

L 3 e ¥

- |
Figure5.2.1




5.3 Laptop Interface

The design and implementation of the system up to this point is obviously far more challenging
than this simple data transfer and manipulation. As such, in order to focus our efforts on the
difficult task of collecting the data, we plan to keep the Laptop Interface simple, with enough
implemented to show functionality. In future development stages, an Ethernet connection would
be a logical upgrade. Most laptop computers on the market today not only come standard with a
high speed Ethernet connection, but they also lack serial communications ports. An Ethernet
connection would also facilitate easily connecting multiple receivers to the laptop via a network
hub in the case when the finish line is wider than the range of the radio transponders. It would
also make the data available to a larger number of host computers, such as television media and
commentators.

The laptop interface is a simple GUI that displays the rider ranking with their associated
information. The display will update dynamically and reorder the entries to reflect the current
race standings. The user may load the racer information (bib number, name, team name). For
each rider entry, the rider's current lap, bib number, name, team name, and time will be
displayed. If the rider is leading his / her lap, then the time displayed will be an absolute time.
Otherwise, a relative time will be displayed that corresponds to the amount time that rider is
behind the lap leader. Figure 5.3.1 is a screen shot of the Java program.

N

racerData.dat

Output File:
raceQutput.dat

Réce Status:
IDLE

Selected Racer

*none”

Time:
0:0:0

Lap

#

MName

Team

Time

0

Pat Eell

CS

0:0:0

0

1

Eric Johonson

CSE

+0:0:0

Start Race

End Race

Figure5.3.1

For portability reasons, the GUI was implemented in Java (refer to Appendix A for the code)
with the serial interface external to the Java program. This allows users across different

platforms to use the same GUI but with a platform dependent serial interface program. Our
implementation for the serial interface program was written in C for a linux machine (refer to
Appendix A for the code).

6. Design Issues

While the system has been partially designed and tested, thenamyeeal problems from the

choice of using 900MHz frequency waves that we have not been able to test. Most of these
issues arise from the amount of interference from bikes. The waves would have to pass through
multiple bikes, and possibly through the wheels of those bikes. Since the wheels are rotating,
this would cause a lot of distortion of the waves. The waves could also travel along a very large
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number of paths to arrive at the receiving antenna because they can bounce off of so many
different things. Because the signals have such a low bandwidth, they would likely

destroy/distort each other if multiple (slightly delayed) copies of a signal arrive at the same
antenna. These channel issues render a simple white noise / attenuation channel model basically
useless. This challenge would make this system difficult to implement.

During testing, we discovered that a quantizer will most likely be necessary to clean up the
voltage comparator output. Currently, if the transition of the bike going in / out of the finishing
field is not quick enough, then the PIC will register multiple crossings from the same bike. This
was accounted for in the software, however a cleaner solution in hardware is more desirable. It
may be necessary to use an A/D converter to solve this problem.

7. Conclusion

A functional block diagram of what we constructed and tested can be found in Figure 7.1.

Controlling
Circuit
Signal bkl
Generator
.I!x oK)
[l 5
g L —il
Phase Schmidt
Shifter Phase Trigger
Detector
PC
Signal Phase | ; “
Generator Phase Detector i 3
Shifter Siobmit CMP
3 Trigger
) [ 1 Address
: L1 -
%ﬁ:- ..

]

Controfling

Girguit Figure7.1

As you can see, the signals that would be received by the antennas are being simulated by signal
generators. For demonstration purposes, the controlling circuit that effects the phase difference
of the simulated signals were attached to miniature bikes such that the bikes would cross a finish
line and cause the phase to shift to the appropriate level.

In the figure you will also notice a schmidt triggered inverting buffer that has not been

referenced yet. This was necessary to isolate the PLD from the comparator. Otherwise the PLD
would, for some unexplained reason, become inoperable.
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A picture with brief component descriptions is also included below in Figure 7.2.

Figure7.2
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Appendix A

Contents of bike.m

function[x] = bike(y, f, p)
% solve the distance equation for D for all values of y
len = length(y);
L=299792458/(f*10"6);
fori=1len,
ty=y(i);
tp=p(i); .
temp = solve('tp = cos(2*pi*(sqrt((L/8+D)"2+ty"2)
-sqrt((L/8-D)"2+ty”~2))/L)', 'D");
xéi) = eval(temp(2));
en

Contents of runbike.m

function [] = runbike(phase, frequency)

% for a given phase limit and frequency ...
y=linspace(0,15,375);
p=linspace(phase,phase,375);
L=299792458/(frequency*10"6);

% calculate the distance from the finish line
% for many values of y
x=bike(y,frequency,p);
slope=(y(375)-y(2))/(x(375)-x(2))
theta=atan((x(375)-x(2))/(y(375)-y(2)))

PlOt(X,Y,-X,Y,X,-Y,-X,-Y)

Contents of bitcounter.vhd

-- File Name: bitcounter.vhd

LIBRARY ieee;

USE ieee.std_logic_1164.all;
LIBRARY Ipm;

USE Ipm.Ipm_components.all;

ENTITY bitcounter IS

PORT
(
clock 1IN STD_LOGIC ;
aclr 1IN STD_LOGIC ;
q : OUT STD_LOGIC_VECTOR (1 DOWNTO 0);
cout : OUT STD_LOGIC

)
END bitcounter;

ARCHITECTURE SYN OF bitcounter IS

SIGNAL sub_wire0 :STD_LOGIC ;
SIGNAL sub_wirel : STD_LOGIC_VECTOR (1 DOWNTO 0);
COMPONENT Ipm_counter
GENERIC (
LPM_WIDTH : POSITIVE;

| LPM_DIRECTION : STRING
PORT (

aclr :IN STD_LOGIC ;

clock :IN STD_LOGIC ;

cout :OUT STD_LOGIC ;

q : OUT STD_LOGIC_VECTOR (1 DOWNTO 0)

);
END COMPONENT;
BEGIN

cout <=sub_wire0;
q <=sub_wirel(1 DOWNTO 0);

13



Ipm_counter_component : [pm_counter
GENERIC MAP (
LPM_WIDTH => 2,
LPM_DIRECTION => "UP"

)

PORT MAP (
aclr => aclr,
clock => clock,
cout => sub_wire0,
g =>sub_wirel

)
END SYN;

Contents of clockDiv.vhd

-- File Name: clockDiv.vhd

LIBRARY ieee;

USE ieee.std_logic_1164.all;
LIBRARY Ipm;

USE Ipm.lpm_components.all;

ENTITY clockDiv IS

PORT
(
clock 1IN STD_LOGIC ;
aclr 1IN STD_LOGIC ;
q :OUT STD_LOGIC_VECTOR (3 DOWNTO 0);
cout : OUT STD_LOGIC

);
END clockDiv;
ARCHITECTURE SYN OF clockDiv IS

SIGNAL sub_wire0 :STD_LOGIC ;
SIGNAL sub_wirel : STD_LOGIC_VECTOR (3 DOWNTO 0);
COMPONENT Ipm_counter
GENERIC (
LPM_WIDTH : NATURAL;
LPM_DIRECTION : STRING
)i
PORT (
aclr :IN STD_LOGIC;
clock :INSTD_LOGIC ;
cout :OUT STD_LOGIC ;
q : OUT STD_LOGIC_VECTOR (3 DOWNTO 0)
)i
END COMPONENT;
BEGIN
cout <=sub_wire0;
g <=sub_wirel(3 DOWNTO 0);
Ipm_counter_component : [pm_counter
GENERIC MAP (
LPM_WIDTH =>4,
LPM_DIRECTION => "UP"
)
PORT MAP (
aclr => aclr,
clock => clock,
cout => sub_wire0,
g =>sub_wirel
)
END SYN;

Contents of d_ff.vhd

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.std_logic_arith.all;

-- D-FF with Enable and Clock
entity D_FF is
port ( D, Reset, CLK : in std_logic;
Q : out std_logic );

14



end D_FF;
architecture D_FF_E_C of D_FF is
begin
process (CLK)
begin
if(Reset="1")then
<=0"
elsif (CLK ='1"' and CLK'event) then
Q<=D;

end if;
end process;
end D_FF_E_C;

Contents of dbctwo.vhd

LIBRARY ieee;

USE ieee.std_logic_1164.all;

USE ieee.std_logic_arith.all;

-- dcbtwo.vhd
--A complete 2-bike implementation of the Digital Control Block (DCB)
--Cycle Timing System (Senior Design Projet)

--Written By: Emilio Gaudette (Grunt)

--University of Massachusettes Ahmerst

--Last Revision: 1/28/04

--**Note on Simulation**

--The SCF should be simulated using a 5.6MHz clock, allowing a check of up to 255 bikes / 737us
--this is the rate at which the final system would have to run.

--**Note on Bikes**

--There are two bikes, Bike 1 (01) and Bike 2 (10), there are two "dummy" bikes at 00 and 11
--the "dummy" bike at 11 is for ISR collision avoidance and the "dummy" bike at 00 is so we

--can have a power of 2 number of bikes to work with.

entity DCBtwo is
port ( BikeslIn : in std_logic_vector(3 downto 0);--Input signals from AR
clk,reset :in std_logic;
overflow: out std_logic;--To PIC, controls ISR1
address: out std_logic_vector(1 downto 0);--Data for use in ISR2
C : out std_logic );--To PIC, controls ISR2
end DCBtwo;

architecture s of DCBtwo is
--controls flags so a bike is not counted twice in a row
component flagcontrol is
port ( C,A : in std_logic_vector(3 downto 0);

clk,reset :in std_logic;

Co: out std_logic_vector( 3 downto 0) );
end component;
--two bit up-counter used as Address Incrementer
component bitcounter 1S

PORT
clock :IN STD_LOGIC ;
aclr 1IN STD_LOGIC ;
q :OUT STD_LOGIC_VECTOR (1 DOWNTO 0);
cout : OUT STD_LOGIC

)i
END component;
--Muxes the outputs for the two bikes
component mux21 IS

PORT
(
input 1IN STD_LOGIC_vector(3 downto 0) ;
AS : OUT STD_LOGIC_vector(3 downto 0) ;
cont 1IN STD_LOGIC_Vector(1 downto 0);
B : OUT STD_LOGIC

);
END component;
--4-bit decade counter which slows the main clock by a factor of 1/16
component clockDiv IS

(PORT
clock :IN STD_LOGIC;
aclr :IN STD_LOGIC;
q : OUT STD_LOGIC_VECTOR (3 DOWNTO 0);
cout : OUT STD_LOGIC

)E
END component;
component interrupter is
port ( clock,reset,Sig :in std_logic;
O: out std_logic);
end component;

15



signal tempBk:std_logic_Vector(3 downto 0);--Input bike signals from AR
signal tempAdd:std_logic_vector(1 downto 0);--current value of Al
signal tempOver:std_logic;--overflow of the Al
signal sclk: std_logic;--the 1/16 clock signal
signal tempOut: std_logic_vector(3 downto 0);--dummy signal to fill port map of clockDiv
signal As:std_logic_Vector(3 downto 0);--Tells the flag controller if a bike is being checked
sir?na:(l SdhiftedAs:std_logic_Vector(3 downto 0);--Tells the flag controller if a bike is being
checke
signal tempC: std_logic;
begin
SC: clockDiv port Map (clk,reset,tempOut,sclk);
Al1: bitcounter port map ( sclk,reset,tempAdd,tempOver );
FC : flagcontrol port map ( Bikesln,ShiftedAs,sclk,reset,tempBk );
Mux: mux21 port map(tempBk,AS,tempAdd,tempC);
11: interrupter port map(sclk,reset,tempC,C);
12: interrupter port map(sclk,reset,tempOver,overflow);
ShiftedAs(0)<=As(3);
ShiftedAs(1)<=As(0);
ShiftedAs(2)<=As(1);
ShiftedAs(3)<=As(2);
address<=tempAdd;
ends;

Contents of DFFreg.vhd

-- File Name: DFFreg.vhd

LIBRARY ieee;

USE ieee.std_logic_1164.all;
LIBRARY Ipm;

USE Ipm.lpm_components.all;

ENTITY DFFreg IS

PORT
(
clock :IN STD_LOGIC ;
aclr 1IN STD_LOGIC ;
data :IN STD_LOGIC_VECTOR (3 DOWNTO 0);
q : OUT STD_LOGIC_VECTOR (3 DOWNTO 0)

);
END DFFreg;
ARCHITECTURE SYN OF DFFreg IS

SIGNAL sub_wire0 : STD_LOGIC_VECTOR (3 DOWNTO 0);
COMPONENT Ipm_ff
GENERIC (
LPM_WIDTH : POSITIVE;
LPM_FFTYPE : STRING
)
PORT (
aclr :IN STD_LOGIC ;
clock :INSTD_LOGIC ;
q : OUT STD_LOGIC_VECTOR (3 DOWNTO 0);
| data :IN STD_LOGIC_VECTOR (3 DOWNTO 0)
END COMPONENT;
BEGIN
q <=sub_wire0(3 DOWNTO 0);
Ipm_ff_component : Ipm_ff
GENERIC MAP (
LPM_WIDTH =>4,
LPM_FFTYPE => "DFF"
)
PORT MAP (
aclr => aclr,
clock => clock,
data => data,
q => sub_wire0
)
END SYN;

Contents of flagcontrol.vhd

LIBRARY ieee;
USE ieee.std_logic_1164.all;
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USE ieee.std_logic_arith.all;

-- flagcontrol.vhd
--4-Bike Flag Controller Array

--Cycle Timing System (Senior Design Projet)
--Written By: Emilio Gaudette (Grunt)
--University of Massachusettes Ahmerst
--Last Revision: 1/27/04

--Functional Description::

--Inputs:

- A:

-- -If A(0)="1" then checking bike #0, when A(1)="1' checking bike #1

-- -A(0) AND A(1) ='0' at all times for correct operation

-- C:

-- -If C(0)="1" then bike #0 is in the feild, if C(1) = '1' then bike #1 is in the
feild

-- clk:

-- -a simple clock

-- reset:

-- -an asynchronous reset

--Outputs:

- Co:

-- -When Co(0) ='1' bike #0 crossed the line, when Co(1)="1" bike #1 has crossed
the line

--Test Outputs (testing only):

-- Foutl:

-- -current value of the 2-bit flag register

- Fout2:

-- -next value of the 2-bit flag register

entity flagcontrol is
port ( C,A : in std_logic_vector(3 downto 0);
clk,reset :in std_logic;
Co: out std_logic_vector( 3 downto 0) );
end flagcontrol;

architecture s of flagcontrol is
component DFFreg IS
PORT

clock :IN STD_LOGIC ;

aclr “IN STD_LOGIC :

data - IN STD_LOGIC_VECTOR (3 DOWNTO 0);
q - OUT STD_LOGIC_VECTOR (3 DOWNTO 0)

)i
END component;
signal nextFO,nextF1:std_logic_Vector(3 downto 0);
signal Fzero0,Fzerol:std_logic_Vector(3 downto 0);

begin
FAQ: DFFreg port map(clk,reset,nextF0,FZero0);
FAL: DFFreg port map(clk,reset,nextF1,FZerol);
nextFl<=(not A and FZero1l) or (C and FZerol) or (FZero0 and A and C);
nextFO<=(not A and FZero0) or (A and C and not FZero0 and not FZerol);
g Co<=FZero0;
ends;

Contents of interrupter.vhd

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.std_logic_arith.all;

entity interrupter is
port ( clock,reset,Sig : in std_logic;
O: out std_logic);--To PIC, controls ISR2
end interrupter;

architecture s of interrupter is
--controls flags so a bike is not counted twice in a row
component D_FF is

port ( D, Reset, CLK: in std_logic;

Q : out std_logic );

END component;
signal temp: std_logic;
signal Q: std_logic;

begin
DFF1: D_FF port Map (temp,reset,clock,Q);
temp<=Q xor Sig;
O<=temp;

end s;
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Contents of mux21.vhd

LIBRARY ieee;

USE ieee.std_logic_1164.all;
LIBRARY Ipm;

USE Ipm.lpm_components.all;
mux21.vhd
--A 4-1 1-bit mux, with output of intermediary signal AS
--Cycle Timing System (Senior Design Projet)
--Written By: Emilio Gaudette (Grunt)

--University of Massachusettes Ahmerst

--Last Revision: 1/28/04

ENTITY mux21 IS

PORT

(
input - IN STD_LOGIC_vector(3 downto 0) ;
AS :OUT STD_LOGIC vector(3 downto 0) ;
cont :IN STD_ LOGIC _Vector(1 downto 0);
B : OUT STD_LOGIC

);

END mux21,

ARCHITECTURE SYN OF mux21 IS

signal control: std_logic_vector(3 downto 0);
BEGIN

control(0)<=cont(0) nor cont(1);--00
control(1)<=cont(0) and not cont(1);--01
control(2)<=not cont(0) and cont(1);--10
control(3)<=cont(0) and cont(1);--11
B<=(input(0) and control(0)) or (input(1) and control(1))or (input(2) and control(2))or (input(3)
and control(3));

AS<=control;

END SYN;

Contents of sdppic.asm

;* Senior Design Project PIC for PIC 16F877

* University of Massachusetts, Amherst
ok

E*Program last modified:
* Date: 4/19/2004

include "p16f877.inc" ;Include file for p16f877 chip.
errorlevel -302 ;Disable error for switching from bank 0.
temp_status equ 0x20
temp_w equ Ox21
AC_1 equ 0x22
AC_2 equ 0x23
AC_3 equ 0x24
AC 4 equ 0x25

Write_point equ  0x26
Read_point equ 0x27
temp_FSR equ 0x28

last_ portB  equ 0x29 ;pointer for memory, start storage at Ox2A
org 0x00 ;Start at the reset vector.
goto usart_ports_setup
org 0x04
goto I_control ;4 inst (2 for interrupt, 2 for goto)
org 0x05
usart_ports_setup ;Initialization of USART.
bsf STATUS,RPO ;Bank 1
moviw 0x24 ;B'00000100' 8-bit transmission async. mode.
(initally disabled)
movwf TXSTA
moviw 0x19 ;Sets up SPBRG to hex 19 (25 decimal) for 9600baud rate
movwf SPBRG
bcf TRISC,0x06 ;*Setting up TRISC and TRISB, RB7=Overflow,RB5=C (EG 4-7-
04)
moviw  B'10100000" *
movwf  TRISB *
moviw  B'00000011' * use RD2 as reset for DCB
~k

movwf  TRISD
;port setup
bcf STATUS,RPO :Bank O
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moviw 0x90
movwf RCSTA

;B'10010000' Sets async. mode and continuous recieving.

;RB7:RB4 interrupt on change, compared to last value READ from portB, flag in INTCON,RBIF

;Activates PORTB condition change interrupts

clrf INTCON
clrf PORTB
clrf PORTD
bsf INTCON,RBIE
main
bcf INTCON,GIE
movf RCREG,W
crf AC_1
clrf AC_2
clrf AC_3
cirf AC 4

clrf  last_portB

moviw 0x29 ;memory starts at 2A, but will start pointers at 29,

pointers represent NEXT
movwf Write_point
movwf Read_point

;address to read/write

bsf “PORTD,0x02 ;assert reset for DCB

movf PORTB,F
bsf INTCON,GIE

;read current value of PORTB
;Activates all unmasked interrupts.

bcf PORTD,0x02 ;de-assert reset for DCB

main_loop
btfsc PIR1,RCIF
goto main

movf Read_point,W
subwf Write_point, W
btfsc STATUS,Z
goto main_loop

incf Read_point,F
movf Read_point,W

;if value is recieved don't skip and restart at main

;if Z=0 then buffer is not empt

y
;if Z=1 then buffer empty, go back to top of loop

xorlw  Ox7F ;for loop back to top of memory

btfss STATUS,Z
goto no_wrap
moviw 0x29
movwf Read_point
no_wrap
movfw  Read_point
movwf FSR
movf INDF,W
movwf TXREG
call tx_wait
goto main_loop
|_control

movwf temp_w
swapf STATUS,W
movwf temp_status
movf FSR,W
movwf temp_FSR

moviw PORTB
condition
andiw 0x80
clrf INTCON

xorwf last_portB,W
btfsc STATUS,Z
goto C_interrupt
goto O_interrupt

O_interrupt
moviw  0x80

andwf PORTB,W
movwf last_portB
incfsz AC_1,F
goto end_it
incfsz AC_2,F
goto end_it
incfsz AC_3,F
goto end_it
incf AC_4,F
goto end_it

;13 inst

*(EG 3-22-04) need to put value of Read_point into W

;saves values in W and STATUS.
;saves FSR

;ISR for PORTB change inerrupts
;reads the value out of PORTB should end mis-match

*(EG 3-22-04) checking RB7, overflow
;*B'10000000'

;z=1, then Overflow same as before so must be C (11 inst)
;z=0, then Overflow different, so must be O (12 inst)

;* (EG 4-5-04) Changed to incfsz commands

;* (EG 3-22-04) Saving new value of PORTB
;*B'01000000*
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C_interrupt

movf Write_point,W
movwf FSR

movwf INDF

movf FSR,W

xorlw  Ox7F ;W holds result of XOR

btfss STATUS,Z

goto update * (EG 4-5-04)

goto update_wrap *

update_wrap ;
moviw  0x29 * put Ox29 into W (start of buffer)
goto end_O *

*

’
*

update

end_O ;
movwf Write_point ;* store W as the Write_point

;28 inst

movf  FSRW * put value of FSR into W

end_it
bsf INTCON,RBIE
movf temp_FSR,W ;restores FSR
movwf FSR
swapf temp_status,W ;restores values of W and STATUS.
movwf STATUS
swapf temp_w,F
swapf temp_w,W
retfie

tx_wait ¥ (EG 4-5-04)
btfss PIR1,TXIF *
goto tx_wait
return

;9 inst
end

ok
’
ok
’

;*(EG 4-5-04) instruction total as of 4-5-04

;Ototal 4 +12 +13+9 =238

;Ctotal4 +11 +28 +9 =52

;(L/instr)*f*747us=Bikes

;Coditional tests that evaluate to true and inst which change program counter take 2 cycles

Contents of bike.c

/
bike.c

Univerisity of Massachusetts
Senior Design Project 2004

#include <sys/types.h>
#include <sys/stat.h>
#include <fcntl.h>
#include <termios.h>
#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <string.h>

#define BAUDRATE B9600

#define MODEMDEVICE "/dev/ttyUSBO0"

#define _POSIX_SOURCE 1 /* POSIX compliant source */
#define BUFF_SIZE 1000
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#define COUNT 5
int main(int argc, char **argv) {

int mask = 255;

int fd;

int retval = 1;

inti;

char F="a;

struct termios oldtios, newtios;
char *buf;

char *inport;

inport = malloc(6);
buf = malloc(127);
memset(inport, 0, 5);

/I open the serial port
fd = open(MODEMDEVICE, O_RDWR | O_NOCTTY);

/I get the old port settings
tcgetattr(fd, &oldtios);

/I setup new port settings

memset(&newtios, 0, sizeof(newtios));

newtios.c_cflag = BAUDRATE | CRTSCTS | CS8 | CLOCAL | CREAD;
newtios.c_iflag = 0; /I no input processing

newtios.c_oflag = 0; /l no output processing

newtios.c_lIflag = 0;

newtios.c_cc[VTIME] =0; //timeris not used

newtios.c_cc[VMIN] =0; // no blocking on read

/I flush and set parameters
tcflush(fd, TCIFLUSH);
tesetattr(fd, TCSANOW, &newtios);

llsync
retval = write(fd, &F, 1);

retval = sprintf(buf, "0\n");
int first_loss = 1,

/Imain receiving loop
while(retval > 0){

while(i<1)
i = read(fd, &F, 1);
if(first_loss == 1){
write(1, buf, retval);
first_loss = 0O;

retval = sprintf(buf, "%u\n", mask & (int)F);
write(1, buf, retval);

}
tcsetattr(fd, TCSANOW, &oldtios);
close(fd);

return O;

Contents of lapNode.java

import java.io.*;

import java.util.*;

import java.lang.*;
/**

* This class is a node in a doubly linked list. Contains
] . * name of racer,the racer's number, the name of the racer's team, and the full recorded
time o
* the racer. As well as a link to a raceNode (another linked list).
* Emilio Gaudette UMass Amherst 4-12-04
*/
public class lapNode
/**
* Pointer to next node in list
*

private lapNode ?ext=null;
%%
*/Pointer to previous node in list
*

private lapNode ?rev=null;
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* Pointer to the raceNode that this list is linked to.
*/

private raceNode link=null;
I*k

*/Name of the racer
*

private String name="",
I*%

*/Name of the racer's team
*

private String team="";

/**

* Full recorded time of the racer
*

private long fullTime=0;
/**

* Racer's number

*/

private int racerNum=-1;
%%k

* Constructs a lapNode with initial
* @param n name of racer

* @param t name of the team
*/@param num racer's number

*

public lapNode(String n,String t,int num)

name=n;
team=t;

racerNum=num;
/**

* Returns name of racer
* @return String
*/

public String get_name()

return name;

/**
* Sets the lapNode n as the next in the list

* @param n lapNode to be set as next
* @return void
*

public void set_next(lapNode n)

next=n;

Vi

* Returns the next lapNode in list
* @return lapNode
*

public lapNode get_next()

return next;

/**
* Sets the lapNode as the previous in the list

* @param n lapNode to be set as previous
* @return void
*/

public void set_prev(lapNode n)

prev=n;

/**

* Returns the previous lapNode in list
*/@return lapNode

*

public lapNode get_prev()

return prev,

/**

* First this node is removed from its current list, its

* full time is set as the value of ft, and the node

* is them inserted into the next highest list using the

* move_data_node(lapNode I) method of the raceNode class.
* @param ft represents full time of the racer

:/@return void

public void lap(long ft)

full Time=ft;
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this.remove_this_node();
link.move_data_node(this);

%%

* Sets the link to the raceNode to which this lapNode
* beongs.

* @param rc

*/@return void

*

public void set_link(raceNode rc)
link=rc;

/**

* Returns the raceNode that this lapNode is a part of
* @return raceNode
*

public raceNode get_link()

return link;
/**

* Removes this node from its current list.
* @return void
*/

public void remove_this_node()

if(prev==null && next==null)
link.set_tail(null);
else

if(prev!=null)
prev.set_next(next);

if(next!=null)
next.set_prev(prev);

else
link.set_tail(prev);
prev=next=null;

/**

* Adds a node to the list, assumes that this lapNode
* is the last lapNode in the list.

* @param In lapNode to add to the list.

*/@return void

public void add_node(lapNode In)
{

link.set_tail(In);
In.set_next(next);
In.set_prev(this);
In.set_link(link);
next=In;

/**

* Returns array of Strings containing name, racer number,team, and full time
* stored in this lapNode.

* @return String[]

*/

public String[] extract_data()
{

String[] t=new String[4];
t[0]=String.valueOf(racerNum);
t[1]=name;
t[2]=team;
t[3]=String.valueOf(fullTime);
return t;
/**

* Returns the stored full time of this racer
* @return long
*/

public long get_full_time()

return fullTime;

Contents of newRacePane.java
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import java.awt.*;
import java.awt.event.*;
import javax.swing.*;
import jJavax.swing.event.*;
import java.io.*;
import java.util.*;
import java.lang.*;

/**

* This class represents one racers data in a display. Displays in order:
* Lap# , Racer's name, Racer's team, Racer's time
* This is for display purposes only, and is meant to be a component in the
* PCinterface class.
*/Emilio Gaudette UMass Amherst 4-12-04
*
public class newRacePane extends JPanel

/**

: Displays lap
private ilButton Lap=new JButton("");
f’: Displays racer's number
private i.J*Button Number=new JButton("");
{; Displays racer's name
private ilButton Racer=new JButton(");
é Displays team name
private ilButton Team=new JButton("");
{‘ Displays time
*
private JButton Time=new JButton("");

/**

* Constructs a newRacePane with initial data for buttons
* @param | lap data

* @param num racer's number

* @param n name of racer

* @param tm name of the racer's team

i/@param pt time

public newRacePane(String |,String num,String n,String tm,String pt)

setLayout(new GridLayout(1,5));
Lap.setText(l);
Number.setText(num);
Racer.setText(n);
Time.setText(pt);
Team.setText(tm);

add(Lap);
add(Number);
add(Racer);
add(Team);
add(Time);

setVisible(true);

/**

* Constructs a new blank newRacePane, adds a PCinterface
* as a MouseL.istener

*

public newRacePane(PCinterface pci)

setLayout(new GridLayout(1,5));
add(Lap);
add(Number);
Number.addActionListener(pci);
add(Racer);
add(Team);
add(Time);

setVisible(true);

/**

* Sets the text of the buttons: lap (I)
* @param | lap data
* @param num racer's number
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* @param n name of racer
* @param tm name of the racer's team
* @param pt time
* @return void
*
public void set_data(String |,String num,String n,String tm,String pt)
Lap.setText(l);
Number.setText(num);
Racer.setText(n);

Time.setText(pt);
Team.setText(tm);

}
Contents of PCinterface.java

import java.awt.*;
import java.awt.event.*;
import javax.swing.*;
import javax.swing.event.*;
import java.io.*;
import java.util.*;
import java.lang.*;
/**
* Displays dynamic race data organizing racers by lap (highest lap on top) and time,
* (shorter time displayed above longer times) for a given lap followed by + times for
each following
* racer in a given lap. When the frame is closed the program exits and the output file
* is closed. Laoding racer information, setting the output file, starting the race,
ending the race
* and exiting the program are all options found in the Race menu. The start race and end
race
* corgmands are also accessible from two buttons on the right side of the window.
*v1.61
*/Emilio Gaudette UMass Amherst 5-3-04
*

public class PCinterface extends JFrame implements ActionListener
/**
* Version number
*

privatejinal String VERSION="1.61";
é Date of last update
privateﬁ‘inal String DATE="May 5, 2004";
{; Low level container to hold newRacePanes
privatei\lPaneI pane = new JPanel();
{; Low level container to hold pane and various labels
private ilPaneI overPane = new JPanel(new BorderLayout());
é/Option titles

private String[] labNames={"Info File: ","Output File: ","Race Status: ","Selected Racer:
Time: "},

* Displays elapsed time
*
private JLabel tmLab;
*k
*/Info display Label
*
private JLabel infoLab;
I*%
* Output file name display Label
*/
private JLabel outpLab;
/**
* Race status display Label
*
private JLabel statLab;
/**
* Currently selected racer's number display label
*
private JLabel numLab;
/**

* Menu bar for the frame
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*/
private JMenuBar menuBar=new JMenuBar();
/**

: Race menu
privatei.lMenu raceMenu = new JMenu("Race");
é End race menu item
privateélMenultem endRace = new JMenultem ("End Race", KeyEvent.VK_X);
{; Start race menu item
privateélMenultem startRace = new JMenultem ("Start Race", KeyEvent.VK_S);
2 Load info menu item
privatei\lMenultem loadRace = new JMenultem ("Load Info", KeyEvent.VK_L);
é Output file selection menu item
privateélMenultem outFile = new JMenultem ("Output File", KeyEvent.VK_O);
{; Serial command line selection menu item
privateélMenultem serCmd = new JMenultem ("Serial Command", KeyEvent.VK_C);
2 Delete selected racer menu item
privatei\lMenultem delRacer = new JMenultem ("Delete Selected", KeyEvent.VK_D);
é Exit Program selection menu item
privateélMenultem exitProg = new JMenultem ("Exit");
{; Button for starting race
private i\lButton startBut=new JButton("Start Race");
2 Button for ending race
private iButton endBut=new JButton("End Race");
é Total number of racers
private/ipt numRacers=0;
:/File chooser for selecting racer info file
private;lFiIeChooser fc = new JFileChooser();
2 Array of newRacePanes each displaying data for a single racer
newRe}{:EPaneﬂ nrp;
:/True if race has ended (made true by selecting End Race menu item)
private *kloolean raceOver=true;
{; Pointer to a racerDataStructure that this is a GUI for
private/ i’fcerDataStructure rds;

* Used to run the read_race() method of the racerDataStructure class.
* At most, only one racerThread is active at any given time.
*

private racerThread rt=null;
/**
* Currently selected racer (select by clicking # button for that racer)
*

private int currSel=-1,
/**

* |nitializes new PCinterface.
*/
public PCinterface()

//Set up values for the frame
setup_this_frame();

numRacers=0;
nrp=new newRacePane[numRacers];

setup_menu();
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/Iset up race data display pane

pane=new JPanel(new GridLayout(humRacers+1,1));
pane.add(new newRacePane("Lap","#","Name","Team","Time"));
overPane.add(pane,BorderLayout. CENTER);

//Set up display label pane
setup_labels();

rds=new racerDataStructure(this,tmLab);
//Set up start/end button pane
setup_buttons();

/ladd the overPane and it's content to the PClinterface
getContentPane().add(overPane);
pack();
setBounds(20,20,500,200);
setVisible(true);
show();

//IShow intro message
Imagelcon img=new Imagelcon("photo_finish.gif");
JOptionPane.showMessageDialog(new JFrame(),
"University of Massachusetts, Ahmerst\nSenior Design Project\nCycle Timing System\n
Pat Bell,Emilio Gaudette,Eric Johnson ",
"Welcome to CTSviewer !",JOptionPane.INFORMATION_MESSAGE,img);
String cmd=(String)JOptionPane.showlnputDialog(new JFrame(),"Enter Serial Interface
Command Line",
"Serial Command Line Selection",JOptionPane.INFORMATION_MESSAGE,null,null,"./bike");

/Iset up racerDataStructure
raceOver=true;
if(cmd!=null)
rds.set_command(cmd);
/**
* Sets up the properties of the main window.
* @return void
*

/
private void setup_this_frame()

setDefaultCloseOperation(JFrame.DO_NOTHING_ON_CLOSE);
setTitle("CTSviewer v'+VERSION+" "+DATE);
this.addWindowListener(
new WindowAdapter(){
public void windowClosing(WindowEvent event)

Obiject[] options ={
"yes","no"};
int n=JOptionPane.showOptionDialog(new JFrame(),
" Continue with Exit?","Exit Dialog",JOptionPane.YES_NO_OPTION,
JOptionPane.QUESTION_MESSAGE,null,options,options[1]);
/lexit the progam if user confirms the exit
if(n==JOptionPane.YES_OPTION)

kill_race_thread();
rds.close_write();
rds.close_read();
System.exit(0);

m;
/**

* Sets up start/end race buttons
* @return void
*/

private void setup_buttons()

/**
JLabel tlab=new JLabel("Elapsed time: 0:0:0");

rds.set_time_label(tlab);

JPanel butPane = new JPanel(new GridLayout(1,3));
*
/

JPanel butPane = new JPanel(new GridLayout(1,2));
startBut.addActionListener(this);
endBut.addActionListener(this);
butPane.add(startBut);
butPane.add(endBut);

//IbutPane.add(tlab);
overPane.add(butPane,BorderLayout. SOUTH);

[x*

* Sets up status labels
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* @return void
*
private void setup_labels()

infoLab = new JLabel("*none*");

outpLab=new JLabel("raceOutput.dat");

statLab=new JLabel("IDLE");

numLab=new JLabel("*none*");

tmLab=new JLabel();

JPanel labPanel=new JPanel(new GridLayout(1,5));

JPanel labPane2=new JPanel(new GridLayout(1,5));

JPanel labPane=new JPanel(new GridLayout(2,1));

for(int i=0;i<labNames.length;i++)
labPanel.add(new JLabel(labNamesi]));

tmLab=new JLabel("0");

labPane2.add(infoLab);

labPane2.add(outpLab);

labPane2.add(statLab);

labPane2.add(numLab);

labPane2.add(tmLab);

labPane.add(labPanel);

labPane.add(labPane?2);

overPane.add(labPane,BorderLayout. NORTH);

[x*

* Sets up the menu bar for the frame
* @return void
*

private void setup_menu()

outFile.setAccelerator(KeyStroke.getKeyStroke(KeyEvent.VK_O,ActionEvent. ALT_MASK));
raceMenu.add(outFile);

outFile.addActionListener(this);
loadRace.setAccelerator(KeyStroke.getKeyStroke(KeyEvent.VK_L,ActionEvent. ALT_MASK));
raceMenu.add(loadRace);

loadRace.addActionListener(this);
serCmd.setAccelerator(KeyStroke.getKeyStroke(KeyEvent.VK_C,ActionEvent. ALT_MASK));
raceMenu.add(serCmd);

serCmd.addActionListener(this);
startRace.setAccelerator(KeyStroke.getKeyStroke(KeyEvent.VK_S,ActionEvent. ALT_MASK));
raceMenu.add(startRace);

startRace.addActionListener(this);
endRace.setAccelerator(KeyStroke.getKeyStroke(KeyEvent.VK_X,ActionEvent. ALT_MASK));
raceMenu.add(endRace);

endRace.addActionListener(this);
delRacer.setAccelerator(KeyStroke.getKeyStroke(KeyEvent.VK_D,ActionEvent. ALT_MASK));
raceMenu.add(delRacer);

delRacer.addActionListener(this);

raceMenu.add(exitProg);

exitProg.addActionListener(this);

menuBar.add(raceMenu);

setJMenuBar(menuBar);
/**
* Refreshes one of the newRacePanes with provided data.
* @param indx index of newRacePane to be updated
* @param lap the lap of the updated newRacePane
* @param name the name of the updated newRacePane
* @param team the team of the updated newRacePane
* @param time the time of the updated newRacePane
* @return void
*

public void refresh_slot(int indx,String lap,String num,String name, String team, String
time)

nrp[indx].set_data(lap,num,name,team,time);
/**
* Handles menu and button actions/selections

* @param ae
* @return void
*

public void actionPerformed(ActionEvent ae)

//IEnd the race
i{f(ae.getSource()==endRace || ae.getSource()==endBut)

/Ikill the thread if it is running
kill_race_thread();

statLab.setText("IbLE");

currSel=-1;
numLab.setText("*none*");
return;
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//Loading new racer info file
if(ae.getSource()==loadRace)
{

) /lif there is a race currently running prompt the user
if(lraceOver)

Object[] options ={
"continue”,"cancel"};

int n=JOptionPane.showOptionDialog(new JFrame(),

" Arace is already in progress,\n”

+"Loaded a new set of racer info will terminate current race.\n"

+"Do you wish to continue?","Load Warning",JOptionPane.YES_NO_OPTION,

JOptionPane.WARNING_MESSAGE,null,options,options[1]);
/luser wants to end current race to load new data

if(n==JOptionPane.YES_OPTION)

kill_race_thread();
statLab.setText("IDLE");
currSel=-1;
numLab.setText("*none*");

else
return;

I/select new racer info file to load, and load it
int retVal=fc.showOpenDialog(pane);
if(retVal==JFileChooser. APPROVE_OPTION)

File f=fc.getSelectedFile();
rds.set_input(f);
infoLab.setText(f.getName());
rds.read_input();

return;

//Selecting an output file
if(ae.getSource()==outFile)
{

) //if there is a race currently running prompt user
if(lraceOver)

Object[] options ={
"continue”,"cancel"};
int n=JOptionPane.showOptionDialog(new JFrame(),
" Arace is currently running. Setting a new output file a\n”
+"will end the current race.\n"
+"Do you wish to continue?","Output File Warning",JOptionPane.YES_NO_OPTION,
JOptionPane.WARNING_MESSAGE,null,options,options[1]);
/luser wants to end current race to select new output file
if(n==JOptionPane.YES_OPTION)

kill_race_thread();
statLab.setText("IDLE");
currSel=-1;
numLab.setText("*none*");

else
return;

/Iselect new output file
int retVal=fc.showSaveDialog(pane);
if(retVal==JFileChooser. APPROVE_OPTION)

File f=fc.getSelectedFile();
rds.set_output(f);
outpLab.setText(f.getName());

return;

//Start the race
if(ae.getSource()==startRace || ae.getSource()==startBut)
{

//if there is a race currently running prompt the user
if(‘raceOver)

Object[] options ={
"continue”,"cancel"};
int n=JOptionPane.showOptionDialog(new JFrame(),
" A race is currently running. Starting a\n"
+"new race will end this one.\n"
+"Do you wish to continue?","Start Race Warning",JOptionPane.YES_NO_OPTION,
JOptionPane. WARNING_MESSAGE,null,options,options[1]);
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/luser wants to end current race to start new race with same info and output files
if(n==JOptionPane.YES_OPTION)

kill_race_thread();
currSel=-1;
numLab.setText("*none*");

else
return;

/IReset data structure
rds.read_input();

//Start race
statLab.setText("RUNNING");
raceOver=false;
rt=new racerThread(rds);
rt.start();
return;

/IDelete selected racer
if(ae.getSource()==delRacer)

if(currSel>-1)

rds.delete_racer(currSel);
currSel=-1;
numLab.setText("*none*");

return;

/[Exit program
if(ae.getSource()==exitProg)

Object[] options ={
"yes","no"};
int n=JOptionPane.showOptionDialog(new JFrame(),
" Continue with Exit?","Exit Dialog",JOptionPane.YES_NO_OPTION,
JOptionPane.QUESTION_MESSAGE,null,options,options[1]);
/[Exit the program if user confirms exit
if(n==JOptionPane.YES_OPTION)

kill_race_thread();
rds.close_write();
rds.close_read();
System.exit(0);

return;
if(ae.getSource()==serCmd)
if(fraceOver)

Object[] options ={
"continue”,"cancel"};

int n=JOptionPane.showOptionDialog(new JFrame(),

" A race is currently running. Changing a\n"

+"the serial command will end this race.\n"

+"Do you wish to continue?","Start Race Warning",JOptionPane.YES_NO_OPTION,

JOptionPane. WARNING_MESSAGE,null,options,options[1]);
/luser wants to end current race to start new race with same info and output files

if(n==JOptionPane.YES_OPTION)

kill_race_thread();
currSel=-1;
numLab.setText("*none*");

statLab.setText("IDLE");

else
return;

String cmd=(String)JOptionPane.showlnputDialog(new JFrame(),"Enter Serial Interface
Command Line",
"Serial Command Line
Selection",JOptionPane.INFORMATION_MESSAGE,null,null,rds.get_command());
if(cmd!=null)
rds.set_command(cmd);
return;

/lonly executes if nothing else does
try

int i=Integer.parselnt(((JButton)ae.getSource()).getText());
currSel=i;
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numLab.setText(String.valueOf(i));

catch(NumberFormatException nfe)
{
}
}
/**
* Returns true if the race is over.
* @return boolean
*/
public boolean is_race_over()

return raceOver;

/**
* Qverwrites the racer info and re-generates the frame

* @param mr maximum number of racers
* @return void
*

public void overwrite(int mr)

raceOver=true;

numRacers=mr;

remove(overPane);

overPane.remove(pane);

nrp=new newRacePane[numRacers];

pane=new JPanel(new GridLayout(humRacers+1,1));
pane.add(new newRacePane("Lap","#","Name","Team","Time"));
for(int i=0;i<numRacers;i++)

newRacePane temp=new newRacePane(this);
pane.add(temp);
nrp[il=temp;

overPane.add(pane);
getContentPane().add(overPane);
/IsetResizable(false);
Rectangle r=getBounds();
pack();
setBounds(r);
setVisible(true);
show();
/**
* Causes program to wait for n milliseconds
* @param n number of milliseconds
* @return void
*
private synchronized void pause(int n)

try
wait(n);
catch(InterruptedException ie)

}

/*

* Kills the race thread, sets raceOver=true
* @return void

*

}

private void kill_race_thread()

raceOver=true;
if(rt'=null)

while(rt.isAlive())
pause(l);
}

/**
* Main function, just creates a new PClinterface.
* @return void
*
public static void main(String args[])

PCinterface pci=new PCinterface();
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Contents of raceNode.java

import java.io.*;

import java.util.*;

import java.lang.*;
/**

* Node of a doubly linked list which has a link to the "tail" of a doubly

* linked list of lapNodes. These lapNodes represent the racers that are currently

* on the lap represented by this raceNode (ie: all racers currently on lap 1 would

* be in the same DLL associated with the raceNode for lap 1). Each raceNode

* is responsible for moving lapNodes from itself raceNode to the next, deleting itself
*when empty, and creating new raceNodes when appropriate.

*/Emilio Gaudette UMass Amherst 4-5-04

*

public class raceNode
/**

: Pointer to previous raceNode
privateirfceNode prev=null;

é Pointer to next raceNode
privateirfceNode next=null;

{; Pointer to racerDataStructure
private i’fcerDataStructure link=null;

{: Pointer to tail of a lapNode doubly linked list
private/lgpNode tail=null;

:/Lap associated with this raceNode

private int lap=0;
public raceNode()

}

/**

* Constructs a raceNode with a single lapNode, set as the tail
* of the lapeNode doubly linked list.

* @param In

*

public raceNode(lapNode In)

tail=In;
In.set_link(this);
/**

* Sets the pointer to the racerDataStructure
* @param rds

* @return void

*

public void set_link(racerDataStructure rds)
link=rds;

[x*

* Returns lap associated with this raceNode
* @return int
*/

public int get_lap()
return lap;

/**
* Sets the lap for this raceNode
* @param |
*/@return void
*

public void set_lap(int I)

lap=l;

/**
* Sets raceNode n as next in list
* @param n
* @return void
*

public void set_next(raceNode n)

next=n;
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this

/**
* Returns next raceNode in list
* @return raceNode
*
public raceNode get_next()

return next;
/**

* Sets raceNode n as previous in list
* @paramn

* @return void

*

public void set_prev(raceNode n)

prev=n;
/**
* Returns previous raceNode in list
*/@return raceNode
*

public raceNode get_prev()

return prev,
[**

* Returns "tail" of the lapNode doubly linked list associated
* with this raceNode.

* @return lapNode

*

public lapNode get_tail()

return tail;
/**
* Sets lapNode Ip as the tail of the lapNode doubly linked list
* associated with this raceNode.

* @param Ip
* @return void
*

public void set_tail(lapNode Ip)

{
tail=lp;
}

[F*

* Deletes this raceNode from its doubly linked list
* @return void

*

/

public void remove_this_node()

if(prev!=null)
prev.set_next(next);
if(next!=null)
next.set_prev(prev);
prev=next=null;
/**
* Moves lapNode In from this raceNode and dds it to the next raceNode in
* the list. It this raceNode is the last, or the next raceNode is more
* than one lap different from this raceNode, a new raceNode is created (the new lap is
* set as the lap of this raceNode +1) and inserted into the raceNode DLL
*In is added to the new raceNode.
* NOTE: This method is assumed to be called from the lapNode, In, which has a link to

* raceNode.

* @param In_
* @return void
*

public void move_data_node(lapNode In)

i{f(nextzznull [|( next.get_lap()-lap > 1))

raceNode rn=new raceNode(In);
if(next!=null)

next.set_prev(rn);
rn.set_next(next);
rn.set_prev(this);
next=rn;
rn.set_lap(lap+1);

/lupdates pointer of racerDataStructure (for printing purposes)

if (rn.next==null)
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rn.set_link(link);
link.set_printTail(rn);
link=null;

else
next.get_tail().add_node(In);
if(tail==null)

this.remove_this_node();

/**

* Extracts and returns all data stored in the lapNode doubly linked list
* associated with this raceNode. The data is returned as a vector. Each element
* of the vector is a 3 element array of Strings representing (in order) the name, team,
* and full time of the racer associated with a particular lapNode in the lapNode
* doubly linked list.
*/@return Vector
*
public Vector extract_data()

/ltemp is a list of 3 element arrays of strings
/Iso the first element in the array is name, second is team, third is full time.
/Ireturned in reverse order (ie slowest person will be temp.elementAt(0)
Vector temp=new Vector(0);
lapNode tempLN=tail;
while(tempLN!=null)

temp.add(tempLN.extract_data());
tempLN=tempLN.get_prev();

temp.trimToSize();
return temp;

/**

* Adds lapNode, In, to the end of the lapNode doubly linked list

* associated with this raceNode. This method is intended to be used
* for initialization of biker data for the FIRST raceNode created.

* @param In

:/@return void

public void fill_this_node(lapNode In)
{

In.set_link(this);

if(tail==null)
tail=In;
?Ise
tail.add_node(In);
}
}

Contents of racerDataStructure.java

import java.io.*;

import java.util.*;

import java.lang.*;

import java.awt.*;

import jJava.awt.event.*;

import javax.swing.*;

import ja/vax.swing.event.*;
I*k

* This contains all the data associated with a bike race and stores that data
*in a pair of doubly linked lists. It has methods for selecting info and output
* files, displaying the current race stats, writing stats to a log, and reading
* race data from System.in. This class is intended to use a PClnterface
* class GUI.
*/Emilio Gaudette UMass Amherst 5-3-04
*
public class racerDataStructure

/**

* Array containing all lapNodes in order of racer number
*/(racer 0 stored in datalndex[0])
*

private/ lapNode[] datalndex=new lapNode[0];
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* Pointer to tail of raceNode doubly linked list
*
private raceNode printTail=null;
/**
*/Total number of racers in this race
*
private int numRacers=0;
/**
*/race data input file
*
private File datFile=null;
/**
* Data output file(s). Default: raceOutput.dat
*
private File out=new File("raceOutput.dat");
/**
*/Used to write to the output file
*
private PrintWriter outFile=null;
/**
*/Used to rad racer data from data driver output file
*
private BufferedReader brRace=null;
/**
* Displays dynamic race data to user
*
private PCinterface pci;
/**
*/ serial interface command line. Default: ./bike
*
private/ String command="./bike";
I*%
* Time label pointer
*
private JLabel lab=null;
/**
* Keeps tarack of and displays elapsed time
*

private timerThread tt=null;
/**
* Creates a new racerDataStructure and opens the GUI
*
public racerDataStructure(PCinterface p,JLabel t)
pci=p;
lab=t;

t.setText("0:0:0");
datalndex=new lapNode[0];

/**

* Sets number of racers, re-initializes PCinterface and datalndex
* @param mr maximum number of racers

* @return void

*/

private void set_max_racers(int mr)

datalndex=new lapNode[mr];

for(int i=0;i<datalndex.length;i++)
datalndex][i]=null;

printTail=null;

pci.overwrite(mr);

numRacers=0;

/**
* Adds a new racer to the data structure This should ONLY be used at start,
* no on-the-fly addidions of bikers.
* @param in string representation of the racers number, 0 <= in < numRacers
* @param name name of the racer
* @param team the racer's team
* @return void
*/
private void add_new_racer(String in,String name,String team)

int indx=-1,;
try

indx=Integer.parselnt(in);
{catch(NumberFormatException nfe)
return;

}
if(numRacers<datalndex.length && indx>-1 && indx<datalndex.length &&
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datalndex[indx]==null)
if(printTail==null)

printTail=new raceNode();
printTail.set_link(this);

lapNode In=new lapNode(name,team,indx);
printTail.fill_this_node(In);
datalndex[indx]=In;

numRacers++;

/**

* Delete racer with number rac
* @param rac racer number
*

public void delete_racer(int rac)
if(rac>-1 && rac<datalndex.length && datalndex[rac]'=null)

datalndex[rac].remove_this_node();
datalndex[rac]=null;
write_output();

}
/**
* Reads data for the race from the output stream of the serial interface.

* The serial interface is run as a process using the command line: command.

* Updates the raceNode doubly linked list, writes updated data to output file.
* Updates the PCinterface.

* Will not work if invalid output file.
* @return void
*

public void read_race()

pause();

StringTokenizer tokenizer;
String line=null,word="";
int count=0,zeros=0;
Process proc=null;

long total = 0;

try

/IFileReader fr = new FileReader (driverFile );
/IbrRace =new BufferedReader (fr);

/I brRace = new BufferedReader( hew InputStreamReader( System.in ) );
proc = Runtime.getRuntime().exec(command);

brRace = new BufferedReader(new InputStreamReader(proc.getinputStream()));
pause(5000);

while(brRace.ready())
brRace.readLine();

if(open_write())
write_output();

lab.setText("0:0:0");
tt=new timerThread(lab);

tt.start();
while(!Ipci.is_race_over())
t if(brRace.ready())
line=brRace.readLine();
else
line=null;

1
if(line!=null)

tokenizer = new StringTokenizer(line);

if(count<5)

count+=tokenizer.countTokens();
word=word+" "+line;

//System.out.printin(word);

tokenizer = new StringTokenizer(word);
if(tokenizer.countTokens()==5)

count=0;
try
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for(int i=0;i<4;i++)

long I=(new Long(tokenizer.nextToken())).longValue();
for(int j=i;j<3;j++)

|=1*256;
total+=l;

}
int bike=Integer.parselnt(tokenizer.nextToken());
if(total>0 && datalndex[bike]'=null )

{
datalndex[bike].lap(total);
write_output();

total=0;
catch (NumberFormatException nfe)
word="";
}
pause();
tt.kill();
while(tt.isAlive())
pause();
else
} .
close_write();

brRace.close();

catch (FileNotFoundException exception)

[N,

catch (IOException exception)

[N,

catch(NullPointerException €)

e

catch(ArraylndexOutOfBoundsException aie)

—~

}
if(proc!=null)
proc.destroy();

/**
* Sets rn as the pointer to the raceNode doubly linked list.
*@param rn Node set as "tail" of data structure
*
public void set_printTail(raceNode rn)
printTail=rn;

/**

* Sets base name of output file, .dat appended automatically.
* @param ofn base name of file

* @return void

*

public void set_output(File ofn)

out=ofn;
/**

* Opens the data output file for the race. If file does not exist

* or overwrite = false, a new file will be created when this method
* is called. If overwrite=true then no file is opened.

*/@return boolean returns true if file opened successfully

*

private boolean open_write()

if(out.exists())
out.delete();

try
FileWriter fr = new FileWriter ( out);
outFile = new PrintWriter ( fr);
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return true;
catch (FileNotFoundException exception)

return false;

[N,

catch (IOException exception)

return false;

—~

catch(NullPointerException €)

return false;

(SRR

/**

* Closes output data file
*/@return void

*

public void close_write()
try
outFile.close();
catch(NullPointerException e)
{
}
}
/**
* Closes input driver data file, meant for use by PCI interface
*in case of exit by clicking 'x' prior to selecting the End Race
* menu item.
* @return void
*/
public void close_read()
try
brRace.close();

catch(IOException ioe)

e

catch(NullPointerException e)

-

/**
* Converts raw timing data (4 bytes of binary data) into diplayable

* timing data. hours : minutes: seconds: hundreths seconds : milliseconds
* @return String
*

{private String convert_long(long Ig)

/loutput hours:min:sec
/I(1E-3 / (1/(AE6 /(256*4))
//3.90625 = 1 ms

//With 32 bits of data, gives 19hrs
long RATE=(long)3.90625;
long h=0,m=0,5=0,ms=0;
lg=(long)(Ig/RATE);//lg now has totalg # of ms
h=(long)(lg /3600000);
Ig=(long)(lg%3600000);
m=(long)(lg/60000);
Ig=(long)(lg%60000);
s=(long)(lg/1000);
String out=h+";"+m+":"+s;
return out;

[x*

* Writes race data to the specified output file and updates the PCinterface
* display of current race data. First racer in lap has full time, consecutive
* racers displayed relative to first racer.

*/@return void

*

{private void write_output()
StringTokenizer tokenizer;
String word=null,line;

raceNode tempRN=printTail;
boolean frst=true;
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long time=0;

String out="";

int indx=0;
while(tempRN!=null)

Vector t=tempRN.extract_data();

t.trimToSize();

Eor(int i=t.size()-1;i>-1;i--)
//System.out.printin(indx);
String[] k=(String[])t.elementAt(i);
if(frst)

time=(new Long(k[3])).longValue();

out="""+convert_long(time);
frst=false;

}

else

out=" +"+convert_long(Math.abs((new Long(k[3])).longValue()-time));

outFile.printin(tempRN.get_lap()+" "+k[O]+" "+K[1]+"\t\t"+k[2]+"\t"+out);
pci.refresh_slot(indx,String.valueOf(tempRN.get_lap()),k[0],k[1],k[2],out);
Indx++;

frst=true;
tempRN=tempRN.get_prev();

}
while(indx<datalndex.length)

[T nu).

pci.refresh_slot(indx,™,",","","");
Indx++;

outFile.printin();
}
/**
* Sets the racer data input file name. File contains racer data in following format:
* number of racers
* NameO TeamO

* Namel Teaml
* @return void
*

public void set_input(File dat)
datFile=dat;

[x*

* Causes this program to wait for 1Ims
* @return void
*

private synchronized void pause(int i)
t try
wait(i);
catch(InterruptedException ie)

}

private synchronized void pause()
try
{
wait(1);
catch(InterruptedException ie)

}
}
/**
* Reads information from the driver, updates the data structure, updates
* display, and writes updated data to output file.
* @return void
*

public void read_input()

{
//System.out.printin("Reading");
/Nline format:
Il racer# * racer name * racer school *
[lasterix used for parsing
[ffirst line is max number of racers in race
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if(datFile==null||!datFile.exists())

return;

StringTokenizer tokenizer;

String line;

int k=0;

i
FileReader fr = new FileReader ( datFile );
BufferedReader br = new BufferedReader ( fr);
line=br.readLine();
if(line!=null)

set_max_racers(Integer.parselnt(line.trim()));
line=br.readLine();
while(line!=null)

tokenizer=new StringTokenizer(line,"*");
if(tokenizer.countTokens()==3)

add_new_racer(tokenizer.nextToken(),tokenizer.nextToken(),tokenizer.nextToke

n();

}
line=br.readLine();

}

catch (FileNotFoundException exception)
}

catch (IOException exception)

}

catch(NumberFormatException nfe)

}

open_write();

write_output();

close_write();
/ISystem.out.printin("Done Reading");

/**
* Sets serial interface command line.

* @param ¢ command line ex: ./bike
*/@return void
*

public void set_command(String c)

command=c;

/**

* Returns current value of serial command line.
* @return String

*/

public String get_command()

return command;
/**
* Sets time label pointer to j
* @param j
* @return void
*
public void set_time_label(JLabel j)

lab=j;
}
}

Contents of racerThread.java

import java.io.*;

import java.util.*;

import java.lang.*;
/**

* This class is used to run the read_race metod of an racerDataStructure
* as a thread, so it can be paused and the GUI can function smoothly.
*/EmI|IO Gaudette UMass Amherst 4-5-04

*

public class racerThread extends Thread

[x*

40



* Pointer to the racerDataStructure
*/

private racerDataStructure rds;
I*k
* Creates a new racerThread using the pointer r, to a
* racerDataStructure.
* @param r
*

public racerThread(racerDataStructure r)

rds=r;

[x*

* Pauses the thread for 1ms
* @return void
*/

private synchronized void race_wait()
try
{
sleep(1);
catch (InterruptedException ie)
{
}
/**
* Pauses for 1ms and then reads the race data using the read_race method of
* the racerDataStructure class.
* @return void
*/
public void run()

race_wait();
rds.read_race();

}
}
Contents of timerThread.java

import java.io.*;

import java.util.*;

import java.lang.*;

import java.awt.*;

import java.awt.event.*;

import javax.swing.*;

import javax.swing.event.*;
/**

* Keeps track of elapsed time in seconds and updates a JLabel as a display
* in format: h:m:s
* Emilio Gaudette 5-3-04

*/

{public class timerThread extends Thread

/**

*/Set to true in order to kill the thread
*
private boolean kill=false;
k%
* Displays elapsed time
*/
private JLabel tDisp=null;
/**
* Represents the elapsed time in seconds
*
private long time=0;
/**

* Constructs a new timerThread using the given JLabel
*/@param j

public timerThread(JLabel j)
tDisp=j;

}
/**
* Stops execution of this thread
* @return void
*

public void kill()

kill=true;
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/**

* Pauses thread for 1 second
* @return void

*

{public synchronized void pause()

try
wait(1000);

catch(InterruptedException e)

}
}

/**

* Converts time in seconds to h:m:s and updates
* display.

*/@return void

*

private void update_display()

long RATE=(long)3.90625;
long h=0,m=0,s=0,lg=time;
h=(long)(lg /3600);
Ig=(long)(Ig%3600);
m=(long)(lg/60);
s=(long)(Ig%60);
tDisp.setText(h+":"+m+":"+s);
//System.out.printin("time");

/**
* Runs the thread, updates display every 1 second
* @return void
public void run()
while(true)

if(kill)
return;
pause();
time++;
update_display();
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